Porosimetry
The surface area of the bare carbon nanofoam (CNF) was characterized with nitrogen physisorption (Micromeritics ASAP2020) to determine pore distributions for pores sized <300 nm. The CNFs were cut with a fresh razor blade and degassed for 24 h at 150°C prior to characterization. The pore size distribution (Fig. S1 ) was calculated with Micromeritics ASAP2020 software using a density functional theory (DFT) model for a cylindrical geometry and Halsey curve thickness. 
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Raman Spectroscopy
The Raman spectra were acquired as described in the main text. The D and G bands of the carbon peaks were fit with a summation, respectively, of a Lorentzian and Breit-Wigner-Fano (BWF) peak shape for the D and G bands. Peak intensities (I) were obtained from peak heights as previously described for disordered carbons. The BWF peak shape showed a coupling coefficient near zero indicating that the Raman band was localized and not coupled to a continuum. It was found that the data could not be fit to Gaussian functions but were fit to a summation of a Lorentzian term for the D band and a BWF term for the G band as previously described (equation S1 In the case of the unmodified carbon nanofoam (CNF), an additional Gaussian term was added to account for an additional peak at lower energy than the D band:
wherein I(w) is derived from eqn S1, a is the area, w ga is the peak center, and c is the FWHM. The results from the fits are shown in Figures S2-S10 and the parameters are tabulated in Table S1 . 
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Raman Fit Parameters
XPS Spectra
Fig. S12 XPS spectra in the Na1s region. The peak intensity for the Na1s line for each composite is normalized relative to the intensity of its C1s peak at 284.6 eV; a decrease in Na + content is observed in composites LiMnOx Powder X-ray Diffraction
Fig. S13
The Rietveld fit (-) of the PXRD data for carbon nanofoam paper (CNF) (i) using a model of a graphite crystal structure.
Fig. S14
The Rietveld fit (-) of the PXRD data for NaMnOx@CNF composite (ii) using a model of a graphite crystal structure; the Bragg peaks and peak intensities for birnessite LiMnO 2 are shown for comparison. 
Fig. S22
The PXRD of a sample of NaMnOx@CNF after being soaked in an aqueous 1 M NaNO 3 solution for 24 h. No Bragg peak is observed at 2≈13°, which indicates that no lamellar (crystalline) registry is induced by prolonged exposure to hydrated Na + ions while lamellar registry is achieved with prolonged exposure to a LiNO 3 solution (see main text).
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Scanning Electron Microscopy The DPDFs for NaMnOx@CNF composite (ii) generated with a scale factor (S) of 1±12.5%: little to no variance is observed. 
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Fit parameters for the PXRD, PDF, and DPDF Data Fitness wR = 3.676% R w = 0.252 * The occupancy of the carbon atoms located at (0, 0, 0 ) and ( 1 / 3 , 2 / 3 , 0) was refined. The carbon at (0, 0, 0) refined to ~1, but the carbon atom located at ( 1 / 3 , 2 / 3 , 0) deviated from 1 significantly and was refined. This large deviation may not be quantifiably accurate as the model supposes a semicrystalline graphitic model rather than a truly amorphous model. † The turbostratic disorder term was defined by one variable (unitless) that is multiplied to the displacement parameters of all atoms along the c axis.
Table S5
The fit parameters for the PXRD and DPDF data for NaMnOx@CNF composite (ii). Contributions of the CNF were removed for DPDF analysis. The PXRD data were fit over 2 = 10-50°; the DPDF data were fit over r = 0.8-20 Å. [24] in composite (iv) was used; the scale factor was the only value refined in order to minimize variables. † The particle size was fixed based upon estimates from the PXRD data. ‡ First Mn···Mn correlation.
S34
Table S9
The fit parameters for the PXRD and DPDF data for LiMnOx[Ar/4]@CNF composite (vi). Contributions of the CNF were removed for DPDF analysis. The PXRD data were fit over 2 = 10-50°; DPDF was fit over r = 0.8-30 Å.
* The structure of LiMnOx [24] in composite (iv) was used; the scale factor was the only value refined in order to minimize variables. † The particle size was fixed based upon estimates from the PXRD data. ‡ First Mn···Mn correlation. Fitness wR = 9.584% R w = 0.247
